(BCL). 33
The average values of ID C were similar between crops during both 34 seasons but the uniformity (CUC) of the ID C noticeably depended on the crop: 35 the differences were greater between crops than between sprinklers spacings 36 (R15x15 and R18x15). The CUC of ID C , the RW and the CUC of RW were 37 greater for alfalfa than for maize. The CUC of ID C was greater than the CUC of 38 RW for both crops. The RW was significantly related with the ID C throughout the 39 irrigation season for alfalfa. The correlation was weaker for maize, with 40 2003a; Stern and Bresler, 1983 ). The conclusions of these studies highly 55 depend on the amount of irrigation water applied and the crop surveyed. While 56 for crops with tolerance to water stress such as cotton, carrot and wheat, the 57 yield is not clearly affected by the irrigation uniformity, for crops with a low 58 tolerance such as corn, irrigation uniformity and yield are strongly related. 59
Numerous studies (Dechmi et Figures 1c and 1d ). These parcels 119
were small enough to be considered uniformly irrigated. 120
Impact sprinklers and nozzles of the model 'VYR 70' (Vyrsa, Burgos, 121 Spain) -the company is named for descriptive purposes -were installed at 2.3 122 m a.g.l. The study design was consistent with a real-life situation, given that this 123 nozzle elevation is ordinarily used in the region to irrigate several extensive 124 crops such as corn, alfalfa and cereals, depending on the market and agro-125 economic policies. The main nozzle included a jet-straightening vane and was 4 126 mm in diameter. The auxiliary nozzle was 2.4 mm in diameter. 127
The operating pressure was monitored at the sprinkler nozzle every 5 128 min by pressure transducers of the model Gems 2200B (Gems Sensors Inc., 129
Basingstoke, Hampshire, England) connected to a data logger of the model 130
Dickson ES120A (DicksonWare TM Addison, Illinois, USA) (Figures 1c and 1d) . 131
Field observations gave evidence of imperceptible variations in the pressure 132 between the four evaluated sprinklers. The pressure monitored in the 133 experimental areas may not have represented the entire system because of 134 hydraulic variations. However, the study is not intended to evaluate the whole 135 process of irrigation but to achieve a suitable scenario for comparing the 136 irrigation performance for two different crops. 137
Soil properties 138
It had previously been tested if the experimental plots differed in the soil 139 water content and in the following soil properties: field capacity (FC, %), wilting 140 point (WP, %), water holding capacity (WHC, %) and bulk density (g cm -3 ). For 141 all the analyses in this study, the level of significance is 5 %. 142
The gravimetric soil water content and its variability was analyzed using 143 soil samples collected at the beginning of the experiment at 14 sites in alfalfa-05 144 and at 26 in maize-05. They were collected in 30 cm layers down to a depth of 145 90 cm. The samples were weighed and then oven-dried to a constant weight at 146 105°C. For the samples collected in the upper 30 cm layer, FC, WP and WHC 147 were estimated at the laboratory using pressure plates. Values of 0.03 and 1.5 148
MPa were considered representative of FC and WP, respectively. WHC was 149 calculated as the difference in the soil water content between FC and WP. 150
The soil bulk density was assessed from undisturbed samples collected 151 in 10 cm layers down to a depth of 80 cm (73 samples from maize-05 and 61 152 from alfalfa-05). The variation in bulk density between experimental plots and 153 soil depths was analyzed through an analysis of variance. The means were 154 compared using the lsmeans method and the Bonferroni's adjust (Devore and 155 Peck, 1986 between the crops were analyzed using a paired t-test (Bowley, 2004) . 189 difference between the soil water content (SWC i , mm) before irrigation and 24 h 191 after as in Starr and Timlin (2004 
3.
Results and Discussions 247
Soil characteristics related to water 248
The soil bulk density did not differ among plots or among parcels within 249 each plot. However, the soil depth had a significant effect (Table 1) The FC did not differ between plots and was, on average, 26.6 % in 256 volumetric percentage and 79.8 mm for the upper 30 cm layer ( Table 2 ). The 257 WP was significantly different between plots, but this difference was lower than 258 the standard deviation of the samples. The WHC was also found to be 259 significantly different: within the 0-30 cm profile, the WHC was 6.0 mm greater 260 for maize-05 (49.2 mm) than for alfalfa-05 (43.2 mm). The slight difference in 261 the WHC between plots was not relevant in terms of water availability for the 262 crops because frequent irrigations were scheduled in this experiment. 263
The SWC at the beginning of the experiment was similar for alfalfa-05 264 and maize-05 within the 0-60 cm soil profile: when calculated in 30 cm layers, 265 the SWC ranged from 63 to 68 mm. However, within the 60-90 cm layer, the 266 SWC was higher in maize-05 (81.9 mm) than in alfalfa-05 (66.3 mm). Assuming 267 the same FC level as that assessed for the 0-30 cm layer, the deeper layer at 268 maize-05 was saturated when the experiment began. In the maize-05 plot, 269
irrigation water was applied in excess during a previous trial throughout 2003 270 and 2004. In contrast, the alfalfa-05 plot was fallow land during that time. This 271 difference explains the water accumulation at the bottom layers in maize-05. 272
Because frequent irrigation was scheduled, the variations in SWC were 273 expected to occur in the upper layers. Therefore, the differences in SWC within 274 the bottom 60-90 cm layer at the beginning of the experiment were not 275 considered to be a constraint for the comparison between crops. 276
The SWC variability at the beginning of the experiment increased with 277 depth and was greater in alfalfa-05 than in maize-05: the coefficient of variation 278 The environmental conditions were alike for both seasons (Table 3) (Table 3) . 314
Sprinkler irrigation uniformity above maize and alfalfa canopies 315
The CUC of the ID C clearly differed depending on the crop irrigated and 316 was about 8 units (%) greater above alfalfa than above maize (Table 3) . The 317 differences increased as the uniformity decreased, and they depended on the 318 solid set arrangement (Figure 3 ). The irrigated crop had an even greater impact 319 on the sprinkler irrigation uniformity than did the solid set layout. Our companion 320 paper investigates the effects of the crops on the CUC through their influence 321 on the water collecting level and on the wind conditions above the canopy. Eqs. 4 and 5 indicate that the irrigation uniformity noticeably differed with 329 the crop, being greater above alfalfa. The solid set sprinkler spacing increased 330 the differences between crops. 331 greater than the seasonal average CUC (Table 3) . This trend became more 334 noticeable by increasing the spacing of the sprinklers. The difference in the 335 CUC S was also greater between crops than between solid-set arrangements. 336
The average CUC of the ID C was calculated for each alfalfa growing 337 period, from the first to the last controlled cutting, and was 94, 89 and 90 % in However, these considerations must be considered carefully as microclimate 361 changes were not measured above the canopy. 362
The analysis in the companion paper revealed that the distance between 363 nozzles and pluviometers affected the evaluation of ID C , and thus the estimate 364 of WDEL. The dispersion in the comparison shown in Figure 4 is also related to 365 this fact as the collecting level was disregarded. A thorough analysis of the 366 differences in WDEL between crops, considering the elevation of the 367 pluviometers and the WV above each crop, is included in the companion paper. 368
3.2.3.
Soil water recharge for maize and alfalfa. 369
The RW was found to differ depending on the crop and on the 370 and the average ID C was similar above maize and alfalfa (Table 3, Figure 2) . 405
The differences between RW a and RW CL were related to the CUC of the ID C , 406 which was lower for maize (Figure 3) . When the CUC of the ID C is low, the 407 average RW decreases because RW is low in the least irrigated areas, and RW 408 is limited by the water holding capacity and the infiltration rate in the areas 409 receiving more water. In addition, the SWC before irrigation, the soil hydraulic 410 properties and its spatial variability, the water interception by the canopy and 411 the soil, the soil water extraction rate by the crops and the accuracy and 412 precision of the instruments employed, among other variables, are factors 413 related to the RW. 414
The CUC of the RW was related to the CUC of the ID C , but the former 415 was smaller, especially for maize in BCL (Figure 6 ). In 2005, the average CUC 416 of RW CL was 57  11 %, the CUC of RW BCL was 50  22 % (Figure 6a For alfalfa-06, the increase in the sprinkler spacing (R18x15 vs. R15x15) 420 decreased both the CUC of the ID C and the CUC of the RW (data not 421 presented). The CUC of the RW was greater 6 h after irrigation than it was 24 h 422 afterward (76  9 % vs. 70  14 %). Spatial differences in the water withdrawals 423 by the alfalfa plants in the lapse between 6 and 24 h could be a feasible 424 explanation for this phenomenon. 425
Correlation between water collected above the canopy and that 426 retained in the soil: Differences between maize and alfalfa. 427
The correlation between ID Ci and RW i 24 h after irrigation illustrated 428 differences between crops, and between positions for maize. Thus, yield detriments because of irrigation water salt load were not expected. (Table 3 ), but the CUC of the GY was 506 noticeably lower (Table 4) . 507
The maize growth was limited in 2006. The maximum height of the plants 508 The CUC of HY was high for both seasons (Table 4) , greater than 85 % for 560 every cutting, which was related to the high values of the CUC of the ID C ( Table  561 3). 562
The 
Conclusions 569
The average irrigation depth above the canopy (ID C ) was very similar for 570 maize and alfalfa simultaneously irrigated with a solid-set sprinkler system. In 571 contrast, the average Christiansen's Uniformity Coefficient (CUC) of the ID C was 572 consequence, the crop irrigated had a greater impact on the water spatial 575 distribution than the sprinklers spacing. 576
The wind drift and evaporation losses (WDEL) resulted slightly greater 577 above the maize: the average WDEL assessed for the R15x15 solid-set was 11 578 % above the maize and 10 % above the alfalfa; 18 % and 16 %, respectively, 579
for the R18x15 solid-set. The differences in the WDEL were significantly 580 different between the crops only for the R18x15 layout. 581
Differences were also found between the crops, and between the 582 positions for maize in the soil water recharge after irrigation (RW). The alfalfa 583 retained more water than the maize. The differences were related to the 584 irrigation uniformity above the canopy, greater above the alfalfa. The RW was 585 greater in the crop lines (CL) than between the crop lines (BCL) for maize. 586
Several phenomena are related to these results: in the CL, the incident rainfall 587 (stemflow) is greater than the incident water in BCL (throughfall) because the 588 funneling effect by the maize plants; in addition, the soil may crust in BCL 589 because of the impact of the water drops, while the canopy protects the soil 590 beneath in CL. 591
The CUC of RW was smaller than the CUC of ID C for both crops. The 592 RW significantly correlated with the ID C throughout the irrigation season for 593 alfalfa. For maize, the correlation was weaker, with important differences 594 between the positions and between the growth stages. At the beginning of the 595 season, the RW and the ID C significantly correlated in the CL and BCL 596 positions, but the correlation decreased, especially in the CL position, when the 597 maize developed because the redistribution of the irrigation water in the soil. 598
The influence of the irrigation performance on the crops growth and yield 599 depends on the irrigation dose, uniformity and schedule. The influence of the 600 CUC of the ID C for maize increases under water stress and it is particularly 601 significant during the earliest growth period and during the flowering stage. For 602 alfalfa, the influence of the CUC of the ID C on the yield is limited when the crop 603 is not severely stressed. In addition to the tolerance of the alfalfa to the water 604 stress, this is related to the irrigation uniformity above the canopy and in the 605 water recharge, both greater for the alfalfa than for the maize. 606
Fukui, Y., Nakanishi, K., Okamura, S., 1980. 
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Figure 1c 
